Introduction
Activation of phospholipase A2 (PLA2; phosphatide 2-acylhydrolase, E.C.3.1.1.4) leads to the hydrolysis of membrane phospholipids, the liberation of free arachidonic acid and the subsequent generation of eicosanoids and other arachidonic acid metabolites. Cytoplasmic calcium concen¬ trations have long been proposed as the primary regulator of PLA2 activity, supported by the evidence that, in many tissues, calcium is required for enzyme activation (van den Bosch, 1980) . However, an increasing number of calcium-independent PLA2 enzymes have been described (Vadas & Pruzanski, 1986) , suggesting that the presence of calcium may not be obligatory for PLA2 activation.
Our studies have shown that human endometrium contains two PLA2 isoenzymes: a calciumdependent enzyme in the glandular component of the endometrium, the activity of which increases in the secretory phase of the menstrual cycle (PLA2 type 1), and a calcium-independent enzyme of stromal cell origin (PLA2 type 2) (Bonney et ai 1987) . The activity of PLA2 type 2 is not apparently related to the stage of the menstrual cycle, but increases in proliferative-phase endometrium of women with polycystic ovaries ). Further differences in the two isoenzymes lie in the pH requirements; PLA2 type 1 has a broader optimum pH range of 7-5-9-0, whereas PLA2 type 2 is optimally active at pH 6-5-7-0. The different characteristics of these two enzymes suggest that they may be regulated by different mechanisms, one dependent on the presence of intracellular calcium ions and the other not.
The present study investigated the mechanisms involved in the activation of endometrial phospholipases and the regulation of release of arachidonic acid. We report here the effect of two stimulators of PLA2 activity, calcium ionophore (A23187) and sodium fluoride, on the release of arachidonic acid from endometrial glands and stromal cells in primary culture. The calcium ionophore A23187 activates PLA2 in many cell types by facilitating calcium transport across the extracellular membrane, thus permitting an influx of extracellular calcium. Stimulation of PLA2 activity by fluoride ions is mediated via a G-protein and may not require calcium ions. The present study was designed to clarify the mechanisms involved in regulating the activity of the calciumdependent and calcium-independent PLA2 isoenzymes of human endometrium. Extraction oflipids. The methanol fraction was vortexed with 2 ml chloroform followed by 2 ml 2 mol KC1/1 and 5 mmol EDTA/1. Efficient separation of the chloroform and methanol layers was achieved by centrifugation at 600 # for 10 min and 2 0-95 ml chloroform layer was then removed for thin-layer chromatography (TLC) of neutral lipids and phospholipids. The efficiency of this extraction procedure in initial studies was invariably 100%.
Separation and quantification of cell lipids. Neutral lipids were separated by TLC using the system hexane:diethyl etherformic acid (80:50:6 by volume) with a development time of 1 h. The TLC plates used were silica gel, 0-2 mm thick (from E. Merck, Darmstadt, Germany). Neutral lipid standards, 25 pg each of arachidonic acid, triglycéride (trilinolein) and in initial experiments, 1,2 and 1,3 diglycerides (diolein) and monoglyceride (monoolein) were added prior to separation. The lipid bands were identified by exposure to iodine vapour. The RF values for the lipids isolated in this system were: triglycérides, 0-83; arachidonic acid, 0-53; 1,3-diaglyceride, 0-33; 1,2-diglyceride, 0-28; and mono¬ glyceride, 0073. The incorporation of [14C]-arachidonic acid into the various lipid fractions was determined by scraping the identified areas into scintillation vials containing 5 ml Ecoscint (National Diagnostics, Aylesbury, Bucks, UK) and measuring radioactivity with a Beckman LS7500 scintillation counter. The efficiency for carbon under these conditions was 93%. Phospholipids were separated by TLC using the system chloroform:methanol:acetic acid:0-1 mol sodium borate/1: (75:45:12:4-5 by volume) with a development time of 1 h 20 min. Phospholipid standards (25 µg each of phosphatidylethanolamine (PE), phosphatidylcholine (PC) and phosphatidylinositol (PI)) were added to each sample prior to separation and the phospholipid bands were identified and radioactivity was measured as described. The RF values for the phospholipids identified in this system were: phosphatidylethanolamine, 0-70; phosphatidylinositol, 0-47; and phosphatidylcholine, 0-27. (Fig. 1) . The release occurred mainly from the triglycéride pool, which was reduced from 29% at 10 min to 22% at 90 min. The radiolabelled phospholipids, which accounted for 49% of the total arachidonic acid incorporated at 10 min, decreased after 60 and 90 min of incubation to 44 and 46%, respectively. Addition of calcium ionophore to the incubation medium had no effect on arachidonic acid release irrespective of the incubation time. None of the concen¬ trations of ionophore tested was effective in stimulating a release of arachidonic acid (Fig. 2) . (Fig. 4) . There was also a significant increase in uptake into phosphatidylethanolamine at 90 min ( < 0001) and this effect was seen in both the presence and absence of calcium iono¬ phore, although in the latter case the effect was more marked. The release of arachidonic acid from endometrial glands was dose related. Incubating pre¬ labelled endometrial glands for 1 h in the presence of 0-5-50 pmol ionophore/1 stimulated arachidonic acid release in a dose-dependent manner (Fig. 5) . The lowest concentration of ionophore tested (0-5pmol/l) stimulated a 5% release of arachidonic acid above the basal value (release in the absence of ionophore); in the presence of the highest concentration of ionophore tested (50pmol/l) the release of arachidonic acid increased to 24% above the basal value. As demonstrated in the previous experiment, phospholipids were the source of the released arachidonic acid and (data not shown) phosphatidylcholine was the major phospholipid affected.
Incorporation of [14C]-arachidonic acid into mono-and di-glycerides was~2-4% of the total incorporated and there was no effect of calcium ionophore on the distribution into these lipid pools.
Effect of fluoride ions on the release of arachidonic acid Stromal cells in culture. In contrast to calcium ionophore, sodium fluoride stimulated a signifi¬ cant release of arachidonic acid from prelabelled stromal cells (Fig. 6) content of the cells decreased from 37-9+ 1-3 to 29-4 + 0-9% total uptake (P < 0001). Phosphatidylinositol was affected to a lesser extent; there was a small, but significant, decrease (from 8-8 ± 0-7 to 6-6 + 0-2% total incorporation) in the [14C]-arachidonic acid content of this phospholipid (P < 001). Phosphatidylethanolamine content was unaffected by fluoride ions in these experiments (data for phospholipids not shown).
The release of arachidonic acid from prelabelled endometrial stromal cells in response to fluoride ions differed depending on the number of days in culture prior to treatment. When the cells were treated on Day 1 of culture, i.e. following attachment, 24 h after plating, incubation with 10 mmol sodium fluoride/1 for 1 h stimulated a significant release of arachidonic acid (P < 001) from triglycérides ( < 002), but had no effect on phospholipid hydrolysis (Fig. 7) . The converse was demonstrated when cells were treated on Day 2 of culture, when (Figs 6 and 7) arachidonic acid was released from phospholipids (P < 001), but not from triglycérides. The response was demonstrated clearly in an experiment (Fig. 7) in which incubation of prelabelled stromal cells with 10 mmol sodium fluoride/1 for 60 min stimulated a 6% increase in arachidonic acid release above the basal value of 17% (P < 001). In this experiment, the released arachidonic acid originated from both phosphatidylinositol and phosphatidylcholine.
Calcium ionophore (10 pmol/1), which was included in these experiments for comparison, had no effect on arachidonic acid release on either Day 1 or 2 of culture. Endometrial glands in culture. Incubation of endometrial glands with sodium fluoride on both Days 1 and 2 of culture stimulated a significant release of arachidonic acid (P < 001) from R. C. Bonney et al. phospholipids, but not from triglycérides (Fig. 8) . As indicated in this experiment and in those depicted in Figs 3-5, a similar response was obtained with calcium ionophore, although the release on Day 2 was greater than that in response to sodium fluoride. As in experiments described earlier, the major phospholipids contributing free arachidonic acid were phosphatidylcholine and phosphatidylinositol.
Discussion
The major targets for the incorporation of arachidonic acid into primary cultures of endometrial stromal cells are the triglycéride and phospholipid pools. In some cultures, incorporation into triglycérides may predominate (Beesley et ai, 1991) . In the present study, as much as 20-30% arachidonic acid was associated with the triglycéride pool. There was also a time-dependent release of arachidonic acid from triglycérides, but not from phospholipids. These findings indicate that, in stromal cells, there is a preferential turnover of the arachidonic acid stored in triglycérides. The triglycéride pool may therefore act as a temporary storage site for arachidonic acid, subsequently to (Denning et ai, 1983) endothelial cells and the rabbit renal medulla (Liston & Nasjletti, 1987 (Bonney et ai, 1987) . The differences between the enzymes of the two cell types is emphasized in the present study in which calcium ionophore stimulated a marked release of arachidonic acid from endometrial glands, but had no effect on stromal cells. These results suggest that the two PLA2 isoenzymes are activated in accordance with their calcium requirements, the calcium-independent PLA2 type 2 being unrespon¬ sive to calcium ionophore. Schatz et al. (1987) In the present study, the main source of the arachidonic acid released from glands in response to calcium ionophore was phosphatidylcholine, but there was also some metabolism of phosphatidyl¬ inositol, particularly after the shorter stimulation of 10 min. The hydrolysis of phosphatidyl¬ inositol by the sequential action of phospholipase C (PLC) and diacylglycerol lipase is an alternative pathway for the generation of arachidonic acid, which may be responsible in part for the release of arachidonic acid from endometrial glands. The increased incorporation of arachidonic acid into phosphatidylethanolamine with incubation time, observed in this study, may reflect some transacylation (Nijssen et ai, 1986) .
Guanine-nucleotide-binding proteins (G proteins) are known to be involved in numerous transmembrane signalling processes, including activation and inhibition of adenyl cyclase and the stimulation of PLC (Gilman, 1987) . It is becoming apparent, however, that PLA2 may also be activated by signal transduction via a G-protein distinct from that involved in PLC activation (Axelrod et ai, 1988) . Sodium fluoride is a well-known activator of G-proteins and a useful tool with which to investigate events mediated by G-proteins. In the present study, it was shown to cause a release of arachidonic acid from both stromal cells and endometrial glands. The release of arachidonic acid from endometrial glands followed a similar pattern to that elicited by cal¬ cium ionophore and involved primarily phosphatidylcholine hydrolysis, although phosphatidyl¬ inositol was also metabolized to some extent. It is apparent, therefore, that both calcium-mediated and G-protein-mediated stimulation of arachidonic acid release can occur from endometrial glands.
Activation of arachidonic acid release from stromal cells by sodium fluoride involved the hydrolysis of both phospholipids and triglycérides. The time in culture influenced the response obtained, since in 1-day cultures, sodium fluoride induced a release of arachidonic acid from tri¬ glycérides, but not from phospholipids, whereas in 2-day cultures the reverse was the case. The release of arachidonic acid from triglycérides following a challenge with fluoride provides further evidence that triglycérides provide a temporary store of fatty acids for phospholipid turnover. The requirement for free fatty acids is likely to be greater when cells are undergoing repair and reestablishment following tissue disruption, as in newly prepared primary cell cultures and this may explain the difference in results obtained on Days 1 and 2 of culture.
The release of arachidonic acid from triglycérides by sodium fluoride suggests that the ade¬ nyl cyclase system is involved. In rabbit renal medulla, arachidonate-rich triacylglycerol is hydrolysed by a cyclic-AMP-dependent lipase (Liston & Nasjletti, 1987) and our preliminary studies have indicated that a similar enzyme exists in human endometrium (R. C. Bonney, unpublished data).
Whether the release of arachidonic acid from phospholipids in response to fluoride ions is due to the action of PLA2 or PLC or both is not evident from these studies since both enzymes are activated via G-proteins. However, the major phospholipid hydrolysed was phosphatidylcholine, which is generally considered to be a substrate for PLA2 rather than for PLC. Furthermore, the contribution of diacylglycerol to the lipid content of both cell types was minimal and not altered by a challenge by either calcium ionophore or fluoride indicating that, under these conditions, activation of PLC was less important.
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